We have recently described that local contractions can be triggered by a preceding twitch in rat cardiac trabeculae in or near damaged ends of the muscle. These local contractions appeared to propagate along the trabeculae with a constant velocity; hence, they can be denoted as triggered propagated contractions (TPCs). These studies have also shown that stretch and/or subsequent shortening of the damaged ends during the twitch is necessary for the induction of TPCs. Objectives: We tested in this study: (1) whether activation of stretch-activated channels in the damaged regions is involved in the initiation of TPCs; (2) whether activation of stretch-activated channels due to stretch of tissue adjacent to a local triggered contraction increases the velocity of propagation. As gadolinium (Gd3') has been shown to be the most effective blocker of stretch-activated channels to date, we have studied the effects of Gd3+ on twitch force, as well as on force, triggering rate and propagation velocity of TPCs. Methods: TPCs were elicited by trains of 15 stimuli (2 Hz, 15-s intervals) at 20°C; using HEPES solution, [Ca"], of 0.5 N 0.75 mmol/l. Laser diffraction techniques were used to measure sarcomere shortening at two sites in the trabeculae; twitch force was measured with a silicon strain gauge. Results: Gd3+ (1 w 20 ymol/l) decreased both twitch force and force, triggering rate and propagation velocity of TPCs in a concentration-dependent manner. High concentrations of Gd3+ (> 20 kmol/l) almost abolished both twitch force and triggered force. The decrease of triggering rate and velocity, for the same decrease in twitch force, were not significantly larger than those by decreasing [Ca"],, indicating that Gd3+ did not cause an additional effect on TPCs above decreasing intracellular [Ca'-'-I. Conclusion: These observations suggest that it is not necessary to assume that Gd3+ sensitive stretch-activated channels are involved in triggering or propagation of these local contractions.
Introduction
We have recently shown that triggered propagated contractions (TPCs) in rat cardiac trabeculae, elicited by trains of rapid stimuli, start in one region of trabeculae and subsequently propagate as a wave of local contraction along trabeculae [1, 2] . The propagated contractions are accompanied by the occurrence of delayed after-depolarizations of cell membrane which can reach threshold potentials and result in triggered twitches [3] . The perpetuation of this process may be responsible for triggered arrhythmias. Propagated contractions appeared to arise in the damaged ends of trabeculae during the relaxation phase of twitch [1, 2] . These end regions are damaged by dissection and mounting of the muscle and are stretched during the twitch by viable cells in the central region of the trabeculae; subsequently the end regions rapidly shorten as a result of rapid lengthening of the cells in the central region during relaxation [4, 5] . We have observed that elimination of the stretch, and hence the rapid shortening of the damaged regions during twitch prevents the triggering of TPCs [l] . Thus it is reasonable to assume that stretch or rapid shortening of damaged ends of trabeculae during the preceding twitch triggers TPCs [I] .
The local wave of sarcomere shortening during TPCs propagates along trabeculae with a constant velocity. This wave-like character is thought to be consistent with a model of Ca2+ induced C'a' + release (CICR) from the sarcoplasmic reticulum (SR) mediated by Ca' + diffusion down its concentration gradient to adjacent sarcomeres and adjacent cells [l-3,6-9] .
Theoretical simulation of the Ca2+ transport process has provided support for this hypothesis [ 101. The observation that local contractions propagate in saponin skinned trabeculae after an induction due to rapid local exposure of the fibre to a Ca*+-containing solution, supports the notion that the SR is essential for the phenomenon [3] . The contractions propagate in saponin skinned fibres at velocities of 70 N 200 Fm/s [3] , similar to propagated Ca2+ waves in isolated cardiac myocytes [7-9,l l-141 , which propagate at 50 N 150 pm/s [7-91. These propagation velocities are substantially lower than the propagation velocities of TPCs in intact trabeculae which vary from 0.1 to 15 mm/s [ 1, 2] . Therefore, it is important to explore whether the higher propagation velocity in intact trabeculae, compared with skinned fibres, is due to the modulation of TPCs by the sarcolemma [3] .
One possible mechanism of sarcolemmal modulation on TPCs is the involvement of stretch-activated channels (SACS). Under isometric conditions, local sarcomere shortening during a TPC will stretch the adjacent tissue along the trabeculae during the propagation process. The stretch may activate sarcolemmal SACS allowing a Ca2+ influx which may modify propagation velocity. Similarly, SACS may be involved in the triggering of propagated contractions because stretch of the damaged ends of the trabeculae by a preceding twitch may activate the SACS. A typical rat cardiac trabecula is 2 mm long (see below); the damaged region is about 250 pm long [2, 5] . Sarcomeres in the central region shorten during a twitch at constant muscle length by about 12% (Fig. 1) [5]; hence, the central region shortens by 200 p,m at the expense of 80% stretch of the damaged end region [2, 5] . A similar degree of membrane stretch has been reported to activate SACS in isolated cells [El and to induce arrhythmias in dog ventricle [ 161. Hence, it is possible that Ca2+ influx through SACS contributes to the triggering of propagated contractions in addition to accelerating their propagation.
SACS have been described in many species and tissues [ 15, , including neonatal rat myocytes [ 151. It has been hypothesized that SACS are connected to the cytoskeleton [21] and that cell stretch activates opening of SACS for cations, mostly Ca2+, Na+ and K+. Studies on Xenopus oocytes [22] have shown that SACS could transport as much Ca'+ into cells as that carried by single Ca*+ channels. Also, the current from a few SACS can depolarise rat neonatal myocytes sufficiently to trigger an action potential and a contraction [23] .
Gadolinium (Gd3') has been reported to decrease SAC open time and SAC current in Xenoplrs oocytes [22] . Likewise, blockade of SACS by Gd3+ has been observed in other preparations [ 18, 191. Hansen et al. have propagated from x to y. The propagation velocity was calculated from distance between x and y and the corresponding time interval (a-6). The triggering rate of TPC was expressed as reciprocal of latency, which was defined as time from 75% twitch relaxation to the peak of TPC force (e-f).
In this study, we used these data to correlate both triggering rate and velocity of propagation as well as force (d) of TPCs with the amplitude (c) of the last stimulated twitch. The experiment was performed at 20°C 0.7 mmol/l [Ca'+ I,, in KrebsHenseleit solution. Initial sarcomere lengths at x and y were 2.10 pm in panel A and 2.09 pm in panel B.
duced arrhythmias in isolated canine ventricles [24] . Therefore Gd3+ can be considered to be a potent SAC blocker, albeit non-selective [25] , and a useful tool for the study of SACS.
In the present study, we have tested: (1) whether Ca*+ influx through stretch-activated Gd3+ sensitive channels in damaged ends of trabeculae plays a role in the initiation of TPCs; (2) whether Ca*+ influx through the SACS during propagation of TPCs contributes to the high propagation velocity in intact trabeculae. Since Gd3+ is not selective, we compared its effects on the triggering and propagation of TPCs to variation of [Ca*+], alone. Because the sarcoplasmic reticulum is essential for the generation of TPCs, we compared the effects of Gd3+ and of varied [Ca" 1, on the dependence of TPC properties on twitch force.
Materials and methods
2.1. Dissection and mounting qf the preparation Brown-Norway rats of either sex were anaesthetised with diethyl ether. The hearts were rapidly removed and perfused through aorta, and trabeculae (in total 30) running between the free wall of the right ventricle and the atrioventricular ring were dissected (slack-length 1.77 f 0.12 mm; width 170 -t 16 p,m; thickness 110 f 6 pm (mean + s.e.m.>>. The muscles were mounted horizontally in a bath on a microscope stage between a silicon strain-gauge force transducer (model AE 801, SensoNor, Horten, Norway) and a motor arm. Both force transducer and motor arm were attached to micromanipulators for control of sarcomere length and muscle position.
Experimental apparatus
We used the same procedures as in previous studies [2] . In short, the trabeculae were stimulated through two parallel platinum electrodes with rectangular pulses (5 ms, twice threshold) from a stimulator (model SD9, Grass Instrument Co., Quincy, MA) triggered by a computer (PC-AT, IBM). Laser diffraction techniques were used to measure sarcomere length in the illuminated area (He-Ne laser, beam cross section: 350 km). An inverted microscope (model Diaphot-TMD, Nikon Inc., Toronto) and a video system (camera model WV 3170 and recorder model AG 2400, Panasonic) were employed to observe the trabeculae. The microscope stage could be moved with respect to the laser beam, so that sarcomere length could be measured at different sites along the trabecula; the distance between the selected sites was measured by a linear potentiometer attached to the stage. Force and sarcomere length were displayed on a storage oscilloscope (model V134, Hitachi), recorded with a chart recorder (model 28OOS, Gould, Cleveland, OH), and sampled by an analog-to-digital converter (model DT 2801A, Data Translation Inc., Marlboro, MA) installed in the computer. All recordings were stored on hard disk for later analysis.
Experimental protocol
Trabeculae mounted between force transducer and motor arm, superfused with [Ca2+], of 0.7 mmol/l at 26°C in the bath, were set at a length, so that passive force was 5% of active twitch force (sarcomere length = N 2.15 p,m). Then, [Ca'+] , was changed to 0.3 mmol/l, the temperature was lowered to 19-21°C and the trabeculae were stimulated with trains of 15 stimuli at a rate of 2 Hz, interspersed with 15-s rest intervals. If this failed to induce stable TPCs after the last stimulated twitch, [Ca*+], was increased in steps of 0.2 mmol/l. Usually, [Ca2+l, required to elicit TPCs is 0.5 N 0.7 mmol/l. The measurement was started when TPCs were stable, usually 15 min after beginning of the protocol. Data were obtained within the first 2 h and at 19-21°C since TPCs have been shown to behave in a stable fashion under these conditions [1, 2] . We performed our experiments at low [Ca2'], (0.7 mmol/l) in order to select a propagation velocity around 5 mm/s or less at which data analysis was most accurate. Also working at a low [Ca*+], allowed us to minimise the occurrence of spontaneous activity in the undamaged centre of the muscle.
To test the effects of Gd3+ on the properties of TPCs we increased [Ca*+], to 1 .O m 1.5 mmol/l before adding Gd3+ so that we could observe the reduced parameters by Gd3+. In preliminary experiments, we perfused the trabeculae with normal Krebs-Henseleit (KH) solution bubbled with 95% O,-5% CO,. We noted that > 10 kmol/l Gd3+ caused a precipitate in KH solution with bicarbonate and phosphate ions and decreased the pH of the KH solution [26] . Therefore, in the main series of experiments presented here, we used N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) buffered solution bubbled with 100% 0, which has no significant physiological effects on cardiac trabeculae [27] . The HEPES solution contained (in mmol/l): 130.8 NaCl, 5 KCl, 1.2 MgCl,, 2.8 acetate, 10 HEPES, 10 glucose, varied CaCl,. There was no precipitate with HEPES perfusate at 1 .O mmol/l of Gd3+.
To compare the effects of Gd3+ on TPCs with those of Ca'+, we measured properties of TPCs at varied [Ca2+] , (between 0.3 and 1.5 mmol/l) in HEPES. In addition, the twitch force-[Ca*+], relation of the trabeculae was measured at [Ca2+], = 0.1, 0.3, 0.75, 1.5, and 3.0 mmol/l in the absence and presence of Gd3+ and verapamil in HEPES solution at 26°C. The amount of Ca*+ that recirculates via the SR from beat to beat was estimated from the decay of post-extrasystolic potentiation after 3 Hz, 10 stimuli and 5-s intervals [28, 29] in the absence and presence of Gd3+, and in the presence of verapamil and [Ca2+], at concentrations which lowered force by the same extent as Gd3+.
Data analysis
The time courses of force and sarcomere length during TPCs were digitised and stored in a computer, and the following parameters were measured from computer waveforms (see Fig. 1 ): (1) twitch force: peak force of the last twitch in the stimulus train, (2) force produced by the TPC, (3) triggering rate of TPCs: reciprocal of the time between 75% relaxation time of the last stimulated twitch and the peak of the TPC force, (4) propagation velocity. Propagation velocity was calculated from the interval between peak sarcomere shortening due to a TPC at two sites of the trabecula and the distance between the two sites gation of TPCs, we used in this study the inverse of latency (1 /latency), or triggering rate.
Statistics
Dose (x)-response (R) curves for twitch force, TPC force, TPC propagation velocity and triggering rate were fitted using the following equation: R=R,,x*(xn/(.n+EC;,))
The EC,, .of the group of muscles was obtained from the relationship calculated from the data combined from individual muscles.
We compared twitch force, TPC force, triggering rate, propagation velocity at varied levels of [Ca*+ 1, with those in the presence of Gd 3+ The relationships between TPC . force and twitch force, and between triggering rate and The experiments were performed at 1.5 mmol/l [Ca2+ I,, 26°C. The data were obtained in the absence and presence of 10 p,mol/l Gd'+. The values presented are mean + s.e.m. (n = 6).
propagation velocity were fitted using linear regression. The relationships between both triggering rate and propagation velocity, and twitch force were analysed assuming a mono-exponential relation. Student's t-test was employed to compare the control parameters with those in the presence of Gd3+.
Results

Efsects of Gd" ' on TPCs
The raw force and sarcomere length tracings during the last stimulated twitch and a subsequent TPC obtained in one trabecula is shown in Fig. 1 .
The effects of Gd'+ on twitch force and TPCs were similar in KH and HEPES solutions except for the EC,, of Gd3+. The control values before adding Gd3+ and the EC,, in HEPES solution are summarised in Table 1 . The sensitivity of all parameters to Gd3+ (measured in 6 muscles) was about 50-fold higher in HEPES solution than in KH solution. The EC,, (pmol/l) and the Hill coefficients of the response to Gd3+ in KH solution were: for twitch force 217 + 76 and 0.6; for TPC force 259 _+ 116 and 0.6; for triggering rate 326 + 180 and 0.5; and for propagation velocity 91 f 40 and 0.7, respectively. The rate was linearly correlated with propagation velocity ( y = a, + ax). There was no significant difference between the effects of [Ca2+ I, and Gd"+ (a, = 2.7 f 3.7 vs -3.8 + 3.6 (P = 0.3) and a = 0.93 +0.06 vs 1.11+0.07 (P = 0.14). respectively). All experiments were performed at 20°C in HEPES solution.
[Ca'+ 1,: 0.3-1.5 mmol/l in the control group, 0.6* 0.06 mmol/l in the gadolinium group. force, triggering rate or propagation velocity. Gd3+ decreased twitch force, TPC force, triggering rate and propagation velocity in a concentration-dependent manner between 2 and 30 p.mol/l, which is a similar range as has been reported before [ 18, 19, 22] . High concentrations of Gd3+ (> 20 pmol/l) almost abolished twitch force and TPC force. Because of the limited period of stable behaviour of TPCs, the dose-response curve was established from pooled data of nine individual muscles (3-5 data points per muscle).
3.2. Effects of Gd3' on twitch characteristics and force1Ca2 + I, Gd3+ appeared to decrease TPC force, triggering rate and propagation velocity, but these changes were proportional to the change of twitch force. It is likely that the decrease of intracellular Ca2+ by Gd3+ caused the changes of twitch force. Since it has been shown that Gd3' affects Ca2+ channels and SACS in the same concentration range [25] , these results led us to further study the effects of Gd3+ on twitch characteristics and force-[Ca2+], relation. Fig. 3 shows the force-[Ca2+], relation in the absence and presence of Gd3+ and verapamil in nine trabeculae. The verapamil concentration (7.4 f 2.1 Fmol/l) was chosen to reduce twitch force to a similar extent as by Gd3+; this appeared to be a saturating verapamil concentration (i.e. > 2 p,mol/l; EC,, = 400 nmol/l). It was clear that both Gd3+ and verapamil shifted the force-[Ca2+], relationship by the same amount, and decreased the maximal force at high [Ca'+] , by the same degree consistent with the assumption that Gd3+ acts like a Ca2+ channel blocker. Table 2 summarises the effects of Gd3+ on twitch characteristics. 10 p,mol/l of Gd3+ decreased peak twitch force, suggesting that Gd3+ reduced Ca2+ entry into the cells and reduced the amount of Ca*' stored in the SR. Gd3+ did not significantly affect time to peak force. Gd3+ decreased time from peak force to 50% relaxation by 16% and time from peak force to 75% relaxation by 13% although these changes were not significant (see Table 2 ). It is important to note that if peak twitch force decreases, by the same amount, due to lowering [Ca2+], or due to shortening of sarcomere length, time from peak force to 50% relaxation decreases by about 60% [32], i.e. much more than upon exposure to Gd3+. This suggests that Gd3+ relatively prolongs the twitch relaxation time, consistent with indirect evidence that Gd3+ inhibits Na+/Ca*+ exchange 1331.
We also observed that Gd3+ accelerated the rate of decay of post-extrasystolic potentiation. It has been shown that there is a strong linear correlation between force of successive beats during decay of post-extrasystole potentiation 1341 suggesting that a constant fraction of the Ca2+ that elicits contraction reappears during the next contraction as a result of recirculation via the SR from beat to beat (see [35] pp. 259-276 for review). The observation that following exposure to Gd3+ the rate of decay of potentiation increases suggested that the recirculating fraction of Ca2+ 1s decreased [35] . In order to test whether the latter observation is a specific effect of Gd3+ on the SR, we tested the effects of verapamil and varied [Ca2+], on the -so-called -recirculation fraction, and found that both verapamil and lower [Ca2+] , decreased the recirculation fraction (see Table 3 ). The similarity of the effects of Gd3+, verapamil and a simple reduction of [Ca2+], suggests that it is the decrease of the intracellular Ca2+ that actually reduces the fraction of Ca2+ which recirculates through the SR from beat to beat.
Comparison of the effects of GdSt on TPCs with the effects of changing lCa2 '1, on TPCs
Since the above results suggest that Gd3+ may have other effects than SAC blockade such as Ca2+ channel blockade [33, 36] , we compared the effects of Gd3+ on TPCs with the effects of simply changing [Ca'+], in order to separate the effects of changes in cellular Ca2+ content from those of SAC blockade. Fig. 4 shows that the properties of TPCs (TPC force, triggering rate and propagation velocity) are tightly correlated with the amplitude of the twitch, while the triggering rate correlated closely and linearly with the propagation velocity as we have observed before [1, 2] . Furthermore, Fig. 4 shows that it was impossible to distinguish the effects of varied [Ca*+l, from the effects of Gd3', This is also clear from regression analyses of the relationships between the properties of the TPCs and twitch force shown in Table 4 .
Discussion
In the present study, we have investigated the effects of the SAC blocker, Gd3+, on the triggering and propagation of TPCs. Gd3+ caused a dose-dependent decrease in twitch force, TPC force, triggering rate and propagation velocity. However, the effects of Gd3+ on TPCs were indistinguishable from those of varied [Ca'+ I, on TPCs, indicating that reduction of Ca*+ entry into the cells due to Gd3+ was sufficient to explain the inhibition of triggered propagated contractions.
Effects of Gd3' on twitch characteristics
Lanthanides, including gadolinium, are trivalent cations. Lanthanum (La3+ 1 decreases the action potential duration and the slow response action potential after inactivation of the sodium channel by KCl-rich solutions [36] , and decreases twitch tension nearly as much as Gd3+ [33] . These observations have suggested that lanthanides act by binding to the sarcolemma and block Ca' + channels and, thereby, inhibit excitation-contraction coupling in cardiac muscle 133,361. The similar reduction of peak twitch force and shift of the EC,, for force-[Ca*+], observed in this study following exposure to both Gd3+ and verapamil (Fig. 3) is consistent with this mechanism of inhibition of excitation-contraction coupling. The reduced maximal twitch force by Gd3+ and verapamil most likely resulted from blockade of Ca2+ channel which reduces the amount of Ca*+ release from the SR both as a result of reduced entry of trigger Ca*" via the Ca*+ channel and as a result of a reduced Ca*+ content of the SR [37] .
The effect of Gd3$ on the recirculation fraction is similar to the effect of verapamil and lowered [Ca2+],, suggesting that recirculation fraction is sensitive to the intracellular Ca* + concentration. Several explanations for this observation are possible. When force is decreased the intracellular [Ca2'] is low which reduces Ca*+ efflux via Na+/Ca*+ exchange and lowers intracellular [Na']. The increased Na" gradient enhances Ca*+ extrusion by increasing the driving force for Na+/Ca2+ exchange, resulting in a reduction of the fraction of Ca*+ taken up by the SR. In addition, the SR Ca2+ pump rate decreases with decreasing intracellular [Ca2+ I. Hence, a decreased Ca*+ transient, due to a reduced Ca2+ content of the SR and a reduced Ca*+ current [37] , will lead to less Ca2' uptake by the SR.
The simplest mechanism to explain the effects of Gd3' on twitch characteristics, recirculation fraction and force-[Ca*+], is via its inhibition of Ca2+ channels in the cell membrane. The concept that Gd3+ has mainly effects on sarcolemmal proteins (Ca2 + channels, SACS and possibly Na'/Ca'+ exchange) is consistent with the electron microscopic observations that lanthanides are bound to the external lamina of myocytes and are restricted to the extracellular space but could not be found within the cytoplasm [36] .
Effects of Gd3+ on TPCs
Even though most studies on SACS and the blockade of SACS by Gd 3+ have been pe i-formed on isolated cells [l&17-20,22] , a recent study on isolated canine ventricles has provided evidence that SACS may contribute to stretch-induced arrhythmias [16] which could be inhibited by Gd3+ in a dose-dependent manner [24] . This raised the possibility that SACS play a role in arrhythmias by mechano-electrical feedback. Similarly SACS might play a role in arrhythmias induced as result of TPCs.
Activation of SACS may contribute to TPCs in the following manner. It is well known that damage causes loss of integrity and the concomitant low permeability of the cell membrane. This will allow Ca*+ entry into damaged cells which induces Ca*+ overload and asynchronous spontaneous activity [2] . Ca*+ will, then, diffuse into adjacent cells with intact sarcolemma (border zone) via gap junctions which remain open for some time after the damage [38] . This time depends on properties of the milieu of the cell including temperature [30] . Spontaneous activity in the damaged zone is random; hence, the accompanying Ca'+ transients will be small and may not be propagated throughout the muscle, but can cause Ca*+ overload and spontaneous activity in the border zone. This process continues until the [Ca*+] gradient is too small between cells or gap junctions close [2] . The existence of spontaneous contractions increases resting tension and decreases twitch force [39, 40] . Thus, the damaged cells and the border zone may be weaker during the twitch than the centre region of the trabeculae. When the central part of the trabeculae contracts, the damaged region is stretched and obviously activation of stretch-activated channels in the border zone may occur. As a result, Ca2+ entry via SACS into cells of the damaged region and border zone could increase during the stretch and thereby cause increased Ca'+ diffusion to neighbouring cells and trigger secondary Ca*+ induced Ca* release which then might propagate. However, results in this study suggest that SACS are not involved in triggering or propagation of TPCs. Fig. 4 and Table 4 clearly show that the dependence both of TPC-triggering rate and of propagation velocity on twitch force were identical, irrespective of the presence of varied [Gd3'] or varied [Ca*+l,. Gd3+ does not seem to cause any other effect than to reduce the amount of intracellular Ca2+, which can be explained well by its effect as a blocker of the Ca*+ current.
It may be that SACS are not involved in the propagation of TPCs because the local contraction along the trabecula during the propagation causes a smaller stretch of adjacent cells (< 10% under the conditions of our experiments) than the stretch needed to activate SACS (see [16, 41] ). We have indeed previously observed that sarcomere stretch did not influence propagation velocity of TPCs [l] . On the other hand, we have argued in the above that stretch of the damaged ends during the twitch should have been sufficient to induce Ca'+ entry via SACS. Hence, an important but negative result of this study is that SACS do not seem to be involved in the induction of propagated contractions in recently damaged cardiac muscle. Fig. 4C clearly shows that triggering of TPCs was not delayed more by Gd3+ than by a simple reduction of [Ca*+], which caused an equivalent reduction of twitch force.
It is unclear why inhibition of SACS would have no effect on triggering of TPCs, but several possibilities may be examined. First, SACS might occur at a low density in adult rat myocytes; we are not aware of studies in adult rat cells showing an abundance of the channel protein. Second, SACS are temperature sensitive; e.g., studies on Xenopus oocytes and chick myocytes [42] have shown that the sensitivity of SACS to stretch increased with temperature presumably because the channel structure became more compliant. Our protocol was performed at 20°C. Hence, the SACS may not have been very sensitive to stretch, which would decrease their involvement in triggering of TPCs. We consider this possibility also unlikely, because previous studies have shown SAC activity at room temperature [ 15, 17, 18, 20] . Finally, decreased activity of SACS may occur in the damaged region as a result of high Ca2+ [22] . However, this possibility would still imply that SACS are not involved in the induction of triggered propagated contractions, as these contractions do arise in areas of damage where the intracellular calcium level is elevated.
In summary, this study shows that Gd3+ did decrease twitch force, TPC force, triggering rate and propagation velocity of TPCs. The decrease of triggering rate and propagation velocity, for the same amount of decrease of twitch force, were not significantly larger than those by decreasing [Ca*+],, indicating that Gd3+ did not exert an additional effect on TPCs above decreasing intracellular [Ca'+] . Thus, we conclude that it is not necessary to assume that SACS are involved in triggering or propagation of TPCs. 
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